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In each case the upper sequence indicates the initial sequence and those below, the replacement sequences. With the exception of the A3-Nef epitope, the initial sequence was completely replaced by the mutants shown. The anchor residues involved in binding to the HLA molecule are underlined; either these are changed or the whole epitope is deleted (shown as .........). both patients, the change was associated with an increase in virus load and progression to AIDS. The reasons for the lateness of escape are not known. Possibly CD4 ϩ T cells. However, the recipient was also given a very large dose of IL-2, and this may have countered the lysine-virus is partially defective; the change is otherwise unknown in B clade viruses though it does occur any inhibitory effect of the CTL clone, by activating CD4 ϩ T cells and promoting viral replication. An unexpected in about 10% of one of the African strains (clade A). It is also possible that a change in virus coreceptor use finding was the appearance of virus in which the region of the Nef epitope was deleted. The mutant virus became from CCR5 to CXCR4, which frequently happens late in infection, facilitates escape because inhibition by the around 30% of the provirus, impressive for a virus that must have been attenuated.
␤-chemokines, released by the CTL, can no longer occur. If so, this escape would result from changes in two Two CTL escape mutants have been described during acute HIV infection. One patient had an acute virus synvirus proteins, Gag for the epitope mutation and Env for the coreceptor change. drome, and prior to developing an HIV-specific antibody, he made a monospecific CTL response to an Env epiIn addition to these documented escapes by HIV, escape from CTL by simian immunodeficiency virus (SIV) tope presented by HLA B44. Over a few weeks viruses appeared with single mutations in the second residue has also been described. Two macaques immunized with a Nef peptide epitope, and then infected with SIV, of the epitope, a side chain crucial for binding to the B pocket of HLA B44. Within a few weeks, 100% of the selected a minor mutant virus in the inoculum that was poorly recognized by the induced CTL response. The virus contained this mutation (i.e., it had reached fixation). As this happened the CTL response diversified. mutant epitope bound poorly to the presenting MHC molecule (Mortara et al., 1998) . The fact that the immuniAnother acutely infected patient made a monospecific CTL response to an epitope in Nef presented by HLA zation-induced CTL failed to protect these animals from infection with SIV stresses the importance of inducing B8 (Price et al., 1997) . Over a few weeks, the original virus was completely replaced by mutants that had eibroad CTL responses in the current intensive search for a vaccine. ther altered the epitope at the fifth residue, which is Because there is clear documentation that a mutant of CTL to recognize cells infected with the wild-type virus (Klenerman et al., 1995) . An interesting consevirus was selected in each case, these examples offer convincing evidence that CTL can select escape muquence of antagonism would be that neither the mutant nor the original virus would have the advantage. There tants. The five HIV-infected persons have important shared features. In each, there was a dominant CTL would however be selective pressure for the presence of both sequences, i.e., for a balanced variation at the response to a single epitope, and the mutation, which was selected to fixation, disrupted the ability of the epitope. Nonmutational Escape of HIV-1 from CTL peptide to bind to the presenting HLA molecule. The restricted CTL response to a single epitope is remarkSequestration. Sequestration of HIV in sites where access by CTL is limited, for instance infected glial cells able, but quite common in the immune response to many virus infections. It is often seen, and is sometimes exin the brain, must hinder T cell control of the infection and may make elimination impossible. Similarly, HIV latreme, in the primary CTL response (reviewed in McMichael and O'Callaghan, 1998) HLA Down-Regulation. Down-regulation of HLA expression on infected cells is a well-established means Less direct data imply that selection of escape variants by CTL is common. The breadth of the CTL reof escape from CTL by persisting viruses. Herpes viruses, for example, devote several genes to interfering sponse often seen in HIV-infected persons could result from a series of escapes from immunodominant epiwith antigen presentation to CTL (reviewed in Wiertz et al., 1997). Reduced HLA class I expression has been topes, each followed by a new CTL response and then further escape. Cross-sectional studies may reveal clues observed in HIV-infected cell lines and recently in HIVinfected blood T cells; Nef has been clearly implicated that this has happened. A number of studies have shown that when CTLs appear not to recognize the expected in this process (Collins et al., 1998) , causing HLA class I molecules to accumulate in clathrin-coated vesicles in immunodominant epitopes, the prevalent virus is often mutated at that epitope (reviewed in Goulder et al., the Golgi area (Le Gall et al., 1998) . Using virus marked with placental alkaline phosphatase, Collins et al. (1998 Collins et al. ( ) 1997b . However, there is an opposing view, that CTL escape by epitope mutation is greatly limited by the showed that infected peripheral blood mononuclear cells (PBMCs) with down-regulated HLA expression breadth of the CTL response, and therefore, that escape does not play a large part in failure to control HIV infecwere relatively resistant to CTL attack. Cells infected with a Nef-deleted mutant virus did not alter HLA exprestion (see Goulder et al., 1997b , for discussion and references). If a major part of HIV control by CD8 ϩ T cells is sion and were fully susceptible to CTL. Although this avoidance mechanism must be incomplete because release of ␤-chemokines that inhibit HIV infection of susceptible cells, rather than direct lysis of infected very strong CTL responses are found in nearly all patients, any impairment in the efficiency with which CTLs cells, there should be less pressure to escape as the chemokines should inhibit virus regardless of epitope recognize infected cells will have a substantial effect on virus production. It is noteworthy that the effect of Nef sequences. However, chemokines are released in response to specific activation, so activity is likely to be is restricted to HLA-A and -B locus molecules, HLA-C molecules are not down-regulated. This means that ingreatest in the vicinity of the stimulating cell (infected with the wild-type virus).
fected cells should be resistant to lysis by natural killer cells, which are normally inhibited by the presence of The most striking CTL escapes are seen when epitope binding to HLA molecules is abrogated. More frequently, HLA-C on potential target cells (Le Gall et al., 1998) . Exhaustion of CTL. Another mechanism of HIV escape sequence changes may not affect binding of peptide to the HLA molecule, but they could impair T cell recogniis exhaustion of the responding CTL population. In lymphocytic choriomeningitis virus (LCMV) infection in tion, with several possible outcomes. The T cell may fully cross-react with the mutant, so no change occurs. mice, high dose infection with a rapidly growing virus strain results in a lethal infection with an aborted CTL The variant might not be recognized by the available CTL clones; different T cell clones may then be selected.
response (Moskophidis et al., 1993) . Some HIV-infected patients with strong monoclonal CTL responses in the Although the latter has been observed, there are other examples where it does not happen. Thus, the available acute infection do badly: they may either rapidly select escape mutants (Borrow et al., 1997) or exhaust (Panta-CTL may not see the mutant, which is known to be immunogenic in other individuals (Klenerman et al., leo et al., 1994) . In chronic infection, however, exhaustion has not been unequivocally shown; responding CTL 1995). Impaired Th function, compromising new primary CTL responses, is one explanation for this. Finally, the tend to persist for years (Kalams et al., 1994 It is probable that all of the processes discussed above occur. Correction of any one may have marginal effects, but a coordinated attack on more than one, coupled with effective control of virus replication by potent drug combinations, offers hope of effective therapeutic assistance to the CTL in controlling HIV infection.
